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ABSTRACT 
The purpose of this study was to prepare the 1,1-dimethylpyrazolium-
5-oxides from a variety of N,N-dimethylhydrazones which can be prepared 




R/ ""'CH/ ""'-oc H 
,, 2 5 
R' 
Substitution of a methyl group at oi.-position of ~-ketoesters makes . 
the formation of N,N-dimethylhydrazones more difficult . The electron-with-
drawing group (-N02) and the electron-releasing group (-OCH3) as a para-
substituent of the benzene ring have the electrostatic effect to the nucleo-
philic attack of dimethylhydrazine to form the N,N-dimethylhydrazones. 
It was found that N,N-dimethylhydrazones exist as a mixture of keto 
and enol tautomers based on their and nmr spectra. A semiquantitative 
analysis of the tautomerism of dimethylhydrazones was carried out by com-
paring the characteristic absorption of the quaternary methyl group at£2.45 
(' 
and the weak, broad peak at 68.8 and the relative ratio of keto to encl 
tautomers was determined. The intramolecular hydrogen bonding shifts the 
ir and nmr absorptions to upfield and stabilizes the enol forms. The sub-
stitution of a methyl group in the ct-position results in an decrease of the 
enol tautomers because of the steric and inductive effect. However, the 
strong electron-withdrawing - N02 substituent at the benzene ring favors the 
enol form for ethyl p-nitrobenzoylacetate dimethylhydrazone. 
The N,N-dimethylhydrazones were subjected to conditions conducive to 
cyclization to l,l-dimethylpyrazolium-5-oxides. Two new examples of this 
novel heterocyclic system were prepared and fully characterized. 
/ N(CH)2 R R' N 0 
II 11 
C C 
R/ ~CH/ ~OCH 




R' CH/ ~CH 
3 3 
(a) R = CH ; R' = CH 3 3 
(b) R = c6H5 ; R' = CH3 
The nmr spectra of the synthesized 1,1-dimethylpyrazolium-5-oxides 
show three characteristic peaks: a strong singlet at about ~3.0 is due 
to the quaternary methyl group and the other two absorptions are contri-
buted to the substituents Rand R' . The UV absorption maxima of 1,1,4-
trimethyl-3-phenylpyrazolium-5-oxide is shifted to longer wavelengths 
compared with 1,1,3,4-tetramethylpyrazolium-5-oxide. 
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In 1970 a new betaine and zwitterionic compound, which was subsequently iden-
tified as having the structure I, was discovered by Henery-Logan and Keiter1. 
R R' 
I 
The crystals of 1,1-dimethyl-3-phenylpyrazoliurn-5-oxide (IV) were isolated 
as an unexpected minor by-product from the reaction of ethyl benzoylacetate 
(II) with l,l-dimethylhydrazine (III). 
0 0 
II II 
c6H5CCH2coc2H5 + H2NN(CH3)2 









Based on IR and NMR studies, Keiter1 suggested that the structure consis-
tent with all the evidence was IV. The suggested structure may be represented, 
as shown below, as several resonance forms. 
IVw IVx IVY IVz 
The relative importance of the various resonance forms was confirmed by X-ray 
analysis2 to be 45% for. IVw, 40% for !Vy and 15% for IVz and form IVx was not 
considered2. 
A class of compounds, the structure of which is also closely analogous 
to that of !,are the l,l-dimethylpyrazolium-3-oxides (VII) . These compounds 
were reported by Sokolova, et al.,3-8 who prepared a series of these compounds 
from the reaction of 1,1-dimethylhydrazine (III) with ol..,~-unsaturated acid 
chlorides (VI). 
RCH=CR'1NHN(CH3)2 + :tt R 
N H 
CH/ '-cH 3 3 
0 
II 
RCH=CR'CCl + H2NN(CH3)2 ~----+) 
VI III VII 
- 3 -
Other ~ompounds that are.analogous to I are the acyl quaternary 
ammonium salts (VIII) which have a positive charge on the nitrogen atom . 
adjacent to a carbonyl group9• 
0 
II 






It has beenreporteJ\hat the preparation of pure hydrazones of the more 
reactive aldehydes and ketones with N-alkyl-and N,N-dialkylhydrazines can 
give the corresponding hydrazones in good yields and high purity . The , 
reaction of dimethylhydrazine with carbonyl compounds to form hydrazones 
is a very general reaction. For example, it has been established that the 
formation of 1,1-dimethylhydrazones (IX) from aldehydes and ketones proceeds 
rapidly and in high yield15. The dimethylhydrazones can be purified by dis-
tillation and are stable at room temperature. 
IX 
The difficulty of this reaction increases as the carbonyl compounds vary in 
the order: 
aldehyde< dialkyl ketone <alkaryl ketone <diaryl ketone 
- 4 -
Aldehydes and dialkyl ketones on shaking with dimethylhydrazine in 
water or alcoholic medium can form the dimethylhydrazones 21 , but more 
vigorous conditions are required to prepare dimethylhydrazones of diaryl 
ketones24• A later study24 shows that the hydrazones of typical diaryl 
ketones can be obtained in satisfactory yields by refluxing a mixture of 
the ketone, 85% hydrazine hydrate, and 95% ethanol under conditions of 
continuous . removal of water. 
The highly hindered ketones such as 2,6-dimethylacetophenone and 
ortho-substituted acetophenones form the corresponding dimethylhydrazones 
only with difficulty15• The o-haloacetophenones (X), for example, undergo 
intramolecular cyclization to give products of the type XI . 
CH3 
I ,.,/"' CH 3 




The formation of N,N-dimethylhydrazones has been used as a protecting 
gfoup technique in organic synthesis26- 28 . The _hydrazones readily give an 





CH3I II If IX R - C - R' R - C - R' 
95% EtOH XII XIII 
The quaternary hydrazones are unstable and can be easily converted to a 
carbonyl compound (XIII) by hydrolysis with aqueous acid. 
C. The Related 2-Pyrazolin-5-0nes 
The most widely studied compounds which are related to I are the 2-
pyrazol in-5-ones (XIV). 
XIV 
The wel l-known German chemist, L. Knorr29 , reported the preparation of the 
first pyrazolinone XVII in 1883 by the reaction of ethyl acetoacetate (XV) 
with phenylhydrazine (XVI). 
- 6 -
0 0 CH3 




xv XVI XVII 
Khromov-Borisov30 prepared several 3-methyl-pyrazolin-5-ones and 3-phenyl-
pyrazolin-5-ones with different substituents at N-1 atom. He concluded 
that cyclization of benzoylacetic esters seems to be easier than that of 
acetoacetic ester. 
Gagnon and coworkers31 have prepared a series of 4-monosubstituted-3-
phenyl-5-pyrazolones (XVIII) by reacting the monosubstituted benzoylacetic 
esters with hydrazine. 
0 0 
11 II 
c6H5CCHCC2H5 + H2NNH2 I 
R 
XVIII 
Several structures are theoretically possible for XVIII. The tautomeric 
isomers, XVIII, XIX, XX however, have been reported to be the most important 
contributors to the over-all structure31 • 
- 7 -
XVIII XIX xx 
The method that is most frequently used to prepare XIV is the conden-
sation of a r-aldehydo- or ~-ketoester (XXI) with a hydrazine (XXII). 
0 R2 0 




R'. .R2 3 ORO 
1 s R 
XIV · 
In general the yields are better the smaller the substituents R2, R3 and R4• 
When R3 is larger than methyl, fonnation of pyrazolionones is more difficult32: 
Almost any non-substituted or monosubstituted ~-ketoester will react with 
almost any nomosubstituted hydrazine to form a 2-pyrazolin-5-one. 
Chapter II 
RESULTS AND DISCUSSION 
A. Preparation of N,N-Dimethylhydrazones from ~-keto Esters 
The preparation of dimethylhydrazones from aldehydes and ketones has 
been studied thoroughly. However, the only N,N-dimethylhydrazones that 
had been prepared from ft-ketoesters are those from ethyl benzoylacetate 
and ethyl acetoacetate1• During the attempted synthesis of l,l-dimethyl-
pyrazolium-5-oxides (I), several new dimethylhydrazones (XXVa-g) were pre-
pared by treating a ~-ketoester (XXIIIa-g) with dimethylhydrazine (III) in 
methanol or ethanoi (See Table I). 
0 0 
II II 
R - C - CH - C - QC H + f 2 5 
R' 
~N(CH3)2 
) R - C - TH - C02C2H5 
R' 
XXIII III XXV 
Two similar ' cyclic P-keto esters, ethyl 2-oxocyclopentanecarboxylate 
(XXVI) and ethyl 2-oxocyclohexanecarboxylate (XXVII), reacted with III 
to give high yields of the corresponding dimethylhydrazones XXVIII and 
XXIX, respectively. 
+ III ~ 



















FORMATION OF N,N-DIMETHYLHYDRAZONES FROM P-KETOESTERS 
O O NN(CH3)2 11 JI II 





















Stirred at room temperature 
Refluxed in methanol 
Refluxed in methanol 
Refluxed in methanol 
Refluxed in ethanol 
Stirred at room temperature 
Refluxed in ethanol 
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XXVII 
The dimethylhydrazones are stable at room temperature and can be purified 
easily by distillation or recrystallization . Based on the experimental 
results shown in Table I, it seems that all types of ~-keto esters react 
with dimethylhydrazine to afford a dimethhydrazone in good yield. 
The presence of different substituents (Rand R') requires differ~nt 
experimental conditions to prepare the corresponding dimethylhydrazones 
(see Table I). Substitution of a methyl group in the d.-position makes 
the formation of XXV more difficult . More vigorous conditions were required 
to prepare XXVb and XXVe compared to XXVa and XXVd, respectively. If R is 
alkyl or a phenyl group with a strong electron-withdrawing group, such as 
N02, formation of dimethylhydrazones will be easier than with the phenyl 
or p-methoxyphenyl substituted ,S-ketoesters. The effect of these substi-
tuents can be theoretically explained by the mechanism of the formation of 
hydrazones. 
· It has been established32 that the formation of hydrazones (XXXIII) 
occurs with rate-determining attack of the carbonyl group by the·· nucleophilic 
hydrazine in the compound (XXX) under acidic conditions . However, under 
neutral or basic conditions, dehydration of the carbinolamine (XXXII) 













---)~ R - C - R' 
XXXIII 
Examining the experimental results (see Table I), it is clear that the 
approximate difficulty of the formation of dimethylhydrazones increases with 
the order 
The strong electron-withdrawing capacity of the nitro group will make the 
carbon atom of the carbonyl group more electropositive which makes attack by 
the nucleophilic hydrazine much easier. Based on the results cited above, 
the first step of the mechanism would seem to be the rate determining step 
under the conditions used in this study. In view of the studies of substi-
tuted benzaldehydes, Amara1 33 assumed the strong electron-withdrawing nitro . 
IL 
- 12 -
group will diminish the capacity of the unshared pair on nitrogen to expel 
the 1 eavi ng hydroxyl group. Therefore, a base catalyst is required to remove the 
proton on nitrogen and provides an additiona·1 driving force for the reaction. The 
above ·assumption is ·not true ·for ·the ~ubstituted esters which further suggests 
th~ attack .of h.ydrazine at the carbonyl _ carbon · is the rate determin-
ing step and this reaction does not need any acid or base catalyst. 
The electron-releasing group (-OCH3) has the capacity to make the 
attack of nucleophilichydrazine more difficult. The high resonance stability 
of the phenyl group implies a small contribution of XXX in :which the positive 
charge is located at the carbon atom of the carbonyl group. On this basis 
we woold predict a high potential energy barrier in the formation of XXXI. 
Therefore, the formation of XXVg and XXVd requires more vigorous reaction 
conditions. 
When ethyl p-nitrobenzoylacetate dimethylhydrazone (XXVf) was heated 
strongly during distillation, a reaction occurred (see Fig. 1) which 






B. Keto-Enol Tautomers of N,N-Dimethylhydrazones 
The existence of keto-enol equilibria in {3-diketones and p-ketoesters 
was established by Kurt Meyer's bromine titration experiments34. Studies of 
. . 35,36 keto-enol equilibra have also been made by analysis of infrared and 
ultraviolet37 absorption spectra . Jarrett and Sadler38 studied this tauto-
39,40 
merism quantitatively by means of NMR spectroscopy. Forsen and Nilsson 
did an extensive investigation of enolized triketones using both NMR and IR 
spectroscopy. 
Just like the ~-diketones or ~ketoesters, the N,N-dimethylhydrazones 
of ~-ketoesters have the following possible tautomers: 
XXVx XXVy . XXVz 
The two chelate structures (XXVy, XXVz) are generally considered to be 
indistingusihable by spectral analysis and they should be treated as one 
form 41. 
NMR spectroscopy is a powerful tool for investigating the tautomers 
without affecting the position of the equilibrium. Enols are usually 
stablized by intramolecular hydrogen bonding which is less affected by 
their environment (e.g. concentration, temperature) than intermolecular 
hydrogen bonds. Wheland42 estimated this stabilization energy as 5-10 
kcal/mole. Conjugation in the system further stabilizes this tautomer by 
- 14 -
2-3 kcal/mole. The enolic proton peak in an NMR spectrum is frequently 
broad at room temperature because of slow exchange. The keto-enol conver-
sion is so slow that absorption peaks of both forms can be observed. 
The ratio of enol to keto tautomers can be determined from the inte-
grated intensities of appropriate peaks in the NMR spectrum. Burdett and 
Rogers 43 reported most f-keto esters favor the keto tautomer which is 
electrostatically most favorable. The most characteristic NMR peak of 
the N,N-dimethylhydrazones is the strong absorption at about 62.45 which 
is due to two methyl groups attached to nitrogen atom. In the enol form 
of the hydrazone this peak is shifted upfield slightly because of the 
strong intramolecular hydrogen bonding (see.fig. 5). Comparing the rela-
tive intensities of the strong, unique peaks nearc5'2.45 gives a way to 
approximate the relative quantities of the keto and enol forms. Sometimes 
however, these two peaks near a 2.45 are too close to estimate the relative 
ratio of the isomeric forms. In such cases we can use the characteristic weak 
peak due to the slow exchange of NH proton to calculate the relative. ratio of 
the keto and eno l "tau tome rs. For example·, ethyl benzoyl acetate dimethyl -
hydrazone (Fig. 5) has a weak, broad NH peak atJB.82 which gives approxi-
mately o~27H units compared with methyl group with 3.0H units . Therefore, we 
can conclude that the mixture contains about 27% of the enol form. The data 
of quantitative analyses of the keto-enol tautomers are gfven in Table II. 
Substitution of a methyl group in the ~-position results in a low per-
centage of the enol forms. This is presumably a combination of the steric 
effect and the inductive effect. The para-substituent of a strong electron-
withdrawing group such as p-nitrophenyl seems to have an effect to favor the 
enol tautomer for XXVf. 
- 15 -
Table II 
KETO-ENOL TAUTOMERS OF N,N-OIMETHYLHYDRAZONES 
XXV 
XXV R R' % Keto % Enol 
a CH3 H 50a 50 
b CH3 CH3 70a 30 
C CH3CH2cH2 H 73a 27 
d C6H5 H 73a 27 
e C6H5 CH3 78a 22 
f p-N02C6H4 H 7b 93 
g p-CH3oc6H4 H 86a 14 
a. The relative ratio was calculated by the NH peak which is 
due to the enol tautomers. 
b. The relative ratio was calculated by the relative intensities 
of the N(CH3)2 peaks of the keto and enol tautomers. 
- 16 -
C. Infrared Studies of N,N-Dimethylhydrazones 
The infrared absorption characteristics of dimethylhydrazones have 
been previously discussed44,45. If, as mentioned above, the N,N-dimethyl-
hydrazones are a tautomeric mixture of x and y,theirinfraredab~rptionspectra 
may be considered to be the result of the superposition of spectra corres-
ponding to both structures. The principal infrared absorption bands of 
dimethylhydrazones (XXVa-g) are given in Table III. 
It was reported46 that secondary amines show a single weak band in 
the 3350-3310 cm-1 region and are shifted to longer wavelengths by hydrogen 
bonding. Cromwell, et al., 47 stated that N-H bands would be expected in 
this region but may be lowered by hydrogen bonding and lie masked under 
- l • b d the C-H absorption. Therefore, the broad peak in 3500-3200 cm reg1ona serve 
in the hYdrazone:s prepared in this study is assigned 1D the N-H absorption (Fig. 4, 6, 9, 10). 
We would expect strong absorptions in the double bond region. However, 
since these double bonds (C=C, C=N, C=O) are conjugated and hydrogen bonding 
is involved, these double bonds have considerable single bond character and 
would have lower than normal frequencies 48• Thompson 49 inidcated that 
hydrogen bonding can lower the carbonyl frequency. However, Rasmussen, 
et al., 50 found that intramolecular hydrogen bonding has almost no effect 
on the carbonyl vibrational frequency and that conjugated chelation produces 
a major shift of the carbonyl band to about 1613 cm-l for enolized ~-diketones 
with a considerable increase in intensity. Rasmussen and Brattain 50 have 
studied a number of esters to find the conjugate chelation effect in the 
infrared spectra. Both ethyl ~-methylacetoacetate and ethyl acetoacetate 
show an additional band at 1650 cm-l which is ascribed to the ester carbonyl 
- 17 -
group chelated with the enolic hydroxy group. The absorption at 1632 cm-l 
was assigned to the C=C linkage58. However,ethyl d,ol-dimethylacetoacetate, 
which can not enolize, shows absorptions at 1718 cm-1 and 1742 cm-l due to 
the ketone and ester carbonyl groups respectively. 
Thus, it is fairly certain that the absorption bands in the 1740-1715 
cm-1 region can be assigned to a ester carbonyl group stretching vibration 
for the tautomeric structure x. The intramolecular hydrogen bonding of the 
tautomeric structure y shifts the carbonyl absorption to lower freq uency. 
Therefore, the strong absorption at 1690-1635 cm-l can be tentatively 
assigned to the chelated ester carbonyl absorptions. The band in the 1610~ 
1580 cm-l region, which is usually accompanied by a weak absorption ar6und 
1560-1565 cm-1, can be assigned to a ·C=C ~tretching vibration in the 
hydrogen-bonded ring48. 
It was reported51 that the C=N absorption for the ketone dimethyl-
hydrazones occurs in the range of 1645-1588 cm - l . Wiley 45 reported the 
absorption associated with the carbon-nitrogen double bond stretching 
vibration occurs in the saturated aliphatic types as a weak band in the 
1634-1647 cm-1 region for the ketone dimethylhydrazones. Thus we can expect 
that the C=N st"r.etching absorption for the synthesized, -dimethyl hydrazohes 
occurs in the same· ·trequency range as the chelated C=O group. 
It is known 52 that CH2 deformation gives rise to absorption at around 
1465 cm-l and asymmetrical CH3 deformation to absorption at around 1450 cm-
1
. 
These absorptions, along with strong C-H absorption bands in the 2491-2778 
cm-1 range and the symmetric CH3 absorption at 1380 cm-
1
, were characteristic 
of nearly all of the dimethylhydrazones 44. 
Table III 
INFRARED ABSORPTION BANDS OF THE DIMETHYLHYDRAZONES 
NN(CH3)2 II 
R - C - CH - CO C H I 2 2 s 
R' 
XXV 
XXV R R' Infrared Absorption bands (cm-1) 
a CH3 H 1720s 1630s 1580s 1385m 1170s 
b CH3 CH3 1750s 1673s 1625s 1385m 1170m 
C CH/HfH2 H 1720m 1640s 1590s 1360m 1170m 
d C6H5 H 1745s 1650s 1600s 1360m 1190s 
e C6H5 CH3 1725s 1690s 1595m 1370m 1180w 
f p-N02C6H4 H 1650s 1580s 1345s 1170s 




The absorption bands in the 860-920 cm-l region show little regularity 
and are possibly due to the nitrogen-nitrogen stretching frequency53. Weak 
absorption bands at around 1170-1190 cm-1 can be assigned to vibrations of 
the mono-substituted phenyl ring49. 
A substituent at the d,-position of XXV will diminish the stability of 
the enol tautomer. This effect is confirmed by the fact that the absorption 
of chelate carbonyl group for the ex-substituted dimethylhydrazones is 
always weaker tha.n that of non-substituted dimethylhydrazones (see Figure 
3,19). 
It is noteworthy that the absence of the carbonyl group absorption in 
-1 the 1720-1750 cm region for XXVf suggests that the tautomeric isomer·x 
is absent and thus the pure enol form y was isolated. This is supported 
further by the NMR spectrum (Fig. 7). 
- 20 -
0. Formation of the l,1-Dimethylpyrazolium-5-0xides 
The· 1,1-dimethyl-3-phenylpyrazolium-5-oxide (IV) was first obtained as 
a minor by-product from the reaction of ethyl benzoylacetate (II) and 1,1-
dimethylhydrazine (III) in the absence of a catalyst1. The dimethylhydrazone 
{XXVd) which was prepared from synthetic ethyl benzoylacetate (II) was refluxed 
in vacuo for 6 hours to give crystals of IV upon .. cooling. However, the dimethyl-
hydrazone (XXVd) which was prepared from commercial II failed to give IV and 
only XXVd was recovered. 
> 
XXVd 
A few drops of cone. H2so4 were added to the dimethyl hydrazone prepared from 
commereial ethyl benzoylacetate and the mixture was refluxed in vacuo for about 
50 minutes; white crystals of IV now formed upon cooling. The organic acid, 
p-toluenesulfonic acid, proved to be almost as useful as sulfuric acid for 
the cyclization reaction·. However, base did not aid in the cyclization 
reaction at all. A plausible mechanism can be written as shown below. 
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CH3 CH3 
" / N 
-H+ / +" N C=O 
II I + c2H50H 












The above mechanism suggests that the two factors which would affect 
the cyclization of the dimethylhydrazones to the l,l-dimethylpyrazolium-5-
oxide system are: 
(1) acid catalysis 
(2) removal of the ethanol co-product from the reaction mixture . 
To test the second hypothesis, molecular sieves were used in an attempt to 
shift the equilibrium to favor the product. Natural zeolites {alumino-
silicates) have a three dimensional framework with channels and interconnect-
ing cavities fonning pores which normally contain water of hydration. A 
property unique to a zeolite crystal is that the water of hydration can be 
driven off by heating without causing collapse of the crystal, which remains 
unchanged and robust with a network of empty cavities or pores. A dehydrated 
natural zeolite would have potentiality t9 ·absorb ·gases or liquids. 
A synthetic zeolite of a given type absorbs molecules of only a narrow range 
in size and hence can be used to effect highly selective separations . Thus, 
by absorbing small molecules and excluding molecules larger than its pores, 
it functions as a molecular sieve 54• 
The specific molecular sieve which is suitable to absorb the ethanol 
molecule is 4A type with a fonnula, Na12[{Al02)12{Si02)12] · 27H20. It was 
found that 10.0g ofan activated Type 4A molecular sieves absorbed 3.82g of 
absolute ethanol. Thus when the dimethylhydrazone XXVd from either commercial 
or synthesized ethyl benzoylacetate was refluxed in the presence of 4A 
molecular sieves for 14 hours and then cooled, the betaine II solidified. 
The product was isolated in 86% yield. This would suggest that the hydrazone 
is in equilibrium with betaine and ethanol . Removing the ethanol, either 
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by reduced pressure or molecular sieves would drive the reaction in favor of 
product. · 
All the hydrazones were subjected to conditions conducive to cyclization 
with the elimination of ethanol. The progress of the reaction could be followed 
by observing the intensity of the quaternary methyl signal at about &3 .0 in 
the nmr spectrum. While many dimethylhydrazones exhibited a low intensity 
signal at 63 . 0, only two showed significant conversion to the cyclic product 
and, hence, are the only ones that have been fully characterized. These 




R - C - CH - CO C H 
R R' 




CH/ "-..CH 3 . 3 
XXV 
(a) R=CH3; R'=CH3 
(b) R=C6H5; R' =CH3 
I 
The addition of cone . H2so4 to ethyl p-nitrobenzoylacetate dimethyl-
hydrazone failed to give the cyclized product . However, if XXVf was heated 




E. Spectroscopic Study of l,l-Dimethylpyrazolium-5-oxides 
The tautomerism of pyrazolin-5-ones (XIV) is probably the most studied 
of any heteroaromatic system. Generally, the following tautomeric structures 
are possible for XIV. 
R' R" R' R' I RbR" NO=O NOOH H - N"' :::::: 0 
"'-.N 
I ~ I 
R R R 
CH form OH form NH form 
It has been reported ~~that the characteristic features of the IR spectrum 
for the CH form are the strong C=O absorption at 1700-1720 cm-1 and the C=N 
absorption in 1600-1620 cm-l region. The OH form can be distinguished by 
th~ lack of the carbonyl band and the presence of an OH band at 3300 cm-1. 
Normally the OH and NH forms can not be distinguished on the basis of the 
absorptions at 3300 cm-1; however, the strong absorption at 1630-1680 cm-l 
-1 and 1590 cm can be assigned to C=O and C=C stretching frequencies, respec-
tively . 
G~non and coworkers31 indicated that XXXIV was the correct isomeric 
structure for 4-monosubstituted-l ,3-diphenyl-5-pyrazolone by the presence 
of a C=O band in 1700-1710 cm-l region and C=N band absorption at 1600 cm-l. 
The structure XXXV was the most probable isomeric structure for 4-monosubs-
tituted-3-phenyl-5-pyrazolone because of the absence of C=O absorption at 
1700 cm-1 and a relative high intensity at 3300 cm~, which is due to the 
hydroxyl group . 
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C6H5 R C6H5 R 
H 
NI/ =O NI/ OH 
"'N "'N I I 
C6H5 H 
XXXIV XXXV 
The principal infrared absorption bands of I are shown in Table IV~, 
The strong characteristic absorptions in 1700-1720 cm-l region can be assigned 
-1 . 
to the carbonyl group and the absorptions at 1560-1620 cm are due to most 
probably the C=N stretching frequency . Randal and coworkers57 reported the 
-1 -1 C=N absorption in the range of 1680 cm and 1590 cm . 
The 1,l-dimethylpyrazolium-5-oxides may exist mostly with the following 
resonance structures: 
R R' R R' 
-~+ 
N 
CH/ "'CH 3 3 
Iu Iv 
1,1,3~4-tetramethylpyrazolium-5-oxide shows a relative strong carbonyl 
absorption at 1700 cm-l and a strong absorption band at 1495 cm-J which 
can be assigned to the C=C absorption frequency. From these assignments, 
--- -·-----
Table IV 
CHARACTERISTIC INFRA~~D ABSORPTION BANDS OF THE l,l-DIMETHYLPYRAZOLIUM-5-0XIDES 
R R' 
,· NUO-
: "+ N 
CH/ ~CH 3 3 
Compound R 
--
R' Infrared Absorption Bands (cm-1) 
IV C6H5 H 3460w 1720s 1560s 1485s 1450s 
Ia CH3 CH · 3 3480m 1700s 1620w 1495s 1450s 
j 




the resonance structure Iv may be considered to contribute to heterocyclic 
compound Ia. 
The infrared absorption spectra of lb and IV are similiar to that of Ia. 
The comparatively more intense absorption in ·1560-157i' cm-l region than that 
of Ia at 1620 cm-1 can be· assigned to the C=N stretching frequency. Further-
-1 more, the carbonyl absorption at 1720 cm and the weak, broad bands at 3460 
-1 ' 
cm may suggest Ib and IV favor the structure Iu. 
The nuclear magnetic resonance spectra of the 1,1-dimethylpyrazolium-
5-oxides- always show the unique absorption peaks due to quaternary methyl 
groups and the substituents Rand R'. The integration of these peaks gave 
a satisfactory relative proton ratio for each cyclized compounds (I). ~he 
absorpti9n peaks for the_nuclear magnetic resonance spectra are ,·given in 
Table V; -. ·- ~ t 
' . 
The ultraviolet absorption spectra of the 1,1-dimethylpyrazolium-5-
oxides (Ia, lb) were determined in cyclohexane solution (see Fig. 13, 16). 
The UV absorption maxima of lb , is shifted to longer wavelengths compared 
with Ia. This pt.obably results from the extra conjugation of a phenyl group 














NMR Absorption P~aks (6) 
R' m.p.(°C) N(CH3)2 R R' 
CH3 45-46 2.96 2.03 1.70 
H 135-135.5 2.95 7.50 4.43 · 





It was found that N, N-dimethylhydrazones can be prepared easily from 
J3-ketoesters. However, the substituents in the <X-position of }0-ketoesters 
makes the formation of N, N-dimethylhydrazones more difficult. The strongly 
electron withdrawing -No.2' group at the para position in the phenyl group 
was found accelerate the reaction. 
The dimethylhydrazones studied were generally highly enolized and were 
supported by the IR and NMR spectra. The relative keto and enol tautomers 
can be determined from the integrated intensities of characteristic peaks. 
The dimethylhydrazones can be cyclized with acid catalyst. However, 
the cyclization reaction is not completely understood. Apparently phenyl 
conjugation stabilizes the betaine since two of the three known examples 
possess a phenyl ring. 
Chapter I II 
EXPERIMENTAL 
A. General 
Microanalyses were performed by Galbraith Laboratories, Knoxville, 
Tennesee. 
Melting points were recorded on a Fisher-Johns apparatus and are 
reported ~ncorrected. 
Infrared spectra were taken in potassium bromide or as a liquid film 
on a Perkin-Elmer 337 infrared spectrometer. Polystyrene was used to 
calibrate the spectra. 
The proton nuclear magnetic resonance measurements were carried out 
on a Varian T-60 Spectrometer with deuteriochloroform as solvent and tetra-
methylsilane as an internal standard. 
The UV spectra wer~ recorded on either a Beckman DB-G or ACTA spectre-
' ,. 
photometer. Cyclohexane wa~ used as a solvent . 
. , 
Mass spectra were taken on a Dupont 21-490 mass spectrometer. 
The keto esters used to prepare the dimethylhydrazones were obtained 
from Eastman or Aldrich Chemical Company. The preparation of ethyl benzoyl-
acetate dimethylhydrazone and ethyl acetoacetate. dimethylhydrazone were accom-
.Plished by · the procedure of Keiter1. 
Thin layer chromatograms were run on precoated uniplates (Analtech. 
Inc.) with silica gel GF (250 microns thick). Column chromatography was 
accomplished over a 0.6 in. X 17 in . column packed with silica gel. 
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B. Preparation of i6-Keto Esters 
PREPARATION OF ETHYL d-BENZOYLPROPIONATE 
Method A 
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A mixture of 75g (0.50 mole) of ethyl benzoate 51g' (0.50 mole) of ethyl 
propionate, and 34g (0.50 -mole) of sodium methoxide was placed in a 500-cc 
three necked flask fitted with a mechanical stirrer and a reflux condenser 
' 
protected by a calcium chloride tube. The reaction mi*ture was stirred in 
an oil bath at 80° for 6 hours. After two hours and again after four hours, 
quantities of 51g (0.75 mole) of ethyl propionate and 34g (0.50 mole) of 
sodium ethoxide were added. The reaction mixture was cooled to room temp-
erature, and 100 ml of ether was added to give a fluid system. This slurry 
was cooled in an ice bath,then poured into an ice cold solution of 125 ml of 
glacial acet~c acid in an equal volume of water. When all the solid material 
had disappeared, the organic layer was separated and the aqueous layer was 
twice extracted with 100 ml portions of ether. The ether solutions were 
combined, washed once with wa.t~r,! then with saturated NaHC03 solution until 
free of acid, and~again witn water. The ether solution was dried over sodium 
sulfate, then overnight over Drierite. Removal of the drying agent and ether, 
and distillation of the residue gave 58g (56%) of ethyl ~-benzoylpropionate, 
.... . . . 
b.p. 115-ll8°C (1mm); IR 1745, (ester C=O), 1690 ~m-1 (ketone C=O); NMR 
(CDC1 3) $1.48 (d, 3H, J=7Hz), 1.12 (t, 3H, J=7Hz), 7.8 (m, 5H). 
Method B 
Sodium ethoxide (NaOEt) was prepare~ by the addition of 4.6g (0.20 mole) 
of sodium to 100 ml of anhydrous ethanol and all but 8.5 ml of the ethanol 
was removed by distillation. Diethyl carbonate (118g, 1.0 mole) was added 
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and the NaOEt cake was broken up to fonn a suspension. The mixture was stirred 
and cooled to 10°C and 26.8g (0.20 mole) of propiophenone was added slowly (20 
minutes). The mixture was then stirred 15 minutes at 15-20°C and 10 minutes 
at 40-50°C. The alcohol was removed by a rotatory evaporator; the reacti vn 
mixture was cooled in an ice bath and then poured into an ice cold solution 
of 50 ml of glacial acetic acid in an equal ~?lume of water. When all the 
solid material had disappeared (3 minutes), the organic layer was separated, 
and the aqueous layer was twice .extracted with 100 ml portions of ether. The 
solutions were combined, washed once with water, then with saturated NaHC03 
solution until free of acid and again with water. The ether solution was 
dried over sodium sulfate. Removal of the drying .agent and ether and dis-
tillation of the residue gave 58g (56%) of ethyl o{-benzoylpropionate, b.p. 
ll5-ll8°C (1mm). IR and NMR spectra were identical to those of the material 
prepared by method A. 
PREPARATION OF ETHYL p-METHOXYBENZOYLACETATE 
Sodium ethoxide was prepared by the addition of 4.6g (0.20 mole) of 
sodium to 100 ml
0
~nhydrous ethanol and ~11 but about 10 ml of the EtOH was 
removed by distillation • . Diethyl carbonate (118g, 1.0 mole) was added and 
the NaOEt cake was broken up, to form a suspension. The mixture was stirred 
and cooled to l0°C and 30.0g (0.20 mole) of p-methoxyacetophenone was added 
slowly over a 20 minute period. The mixture was then stirred for 15 minutes 
at 15-20°C and 10 minutes at 40-50°C. The alcohol was removed by a rotatory 
evaporator, the reaction mixtare cooled in an ice bath , then poured into an 
ice cooled solution of 50 ml of glacial acetic acid in an equal volume of 
water. When all the solid material had disappeared, the organic layer was 
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separated and the aqueous layer was twice extracted with 100 ml portions of 
-
ether. The ether solutions were combined, washed once with water, then with 
saturated NaHC03 solution until free of acid,again wit~ water and dried over 
sodium sulfate. Removal of the drying agent and ether ~nd distillation of 
the residue gave 17.3g (39f) of ethyl p-methoxybenzoylacetate, b.p. 145-160°C 
(0.5mm): IR 1742 (ester C=O), 1685 cm-l (ke~?ne C=O); NMR (CDC1 3) ~1.21 (t, 
-· 
3H, J=7Hz), 3.80 (s, 3H), 3.90 (s, 2H), 6.9 (d, 2H, J=9Hz), 7.9 (d, 2H, J=9Hz). 
C. Preparation of Dimethylhydrazones 
PREPARATION OF ETHYL 2-METHYLACETOACETATE DIMETHYLHYDRAZONE (XXVb) 
A solution of ethy1 2-methylacetoacetate (28.8g, 0.20 mole) and dimethyl-
hydrazine (24.0g, 0.40 mole) in 40 ml of methanol was refluxed in a N2 atmos-
phere for 12 hours. The color changed from colorless to dark purple.during 
the course of the reaction. 
The excess hydrazine and methanol were removed under reduced pressure 
and the residue was distilled- to,. give XXVb as a yellow oil (32.2g, 87%): b.p. 
55-56°C (0.5nun); '·1R 1750, 1673, 1625, 1385, 1170 cm-\ NMR (CDC1 3) &1.20 (t, 
3H, J=7Hz), 1.92 (S, 3H), 2.41 (s, 6H),4.18 (q, 2H, J=7Hz). 
PREPARATION OF ETHYL BUTYRYLACETATE DIMETHYLHYDRAZONE (XXVc) 
A mixture of ethyl butyrylacetate (7.9g, 0.050 mole) and 1,1-dimethyl-
hydrazine (6.0g, 0. 10 mole) in 10 ml of methanol was refluxed for 20 hours. 
Excess hydrazine and methanol were removed on a rotatory evaporator·and the 
residue was distilled to give a yellow oil of XXVc (9.2g, 92%): b.p. 68-70°C 
(0.50mm); IR 1720, 1640, 1590, 1360, 1170 cm-\ NMR (CDC1 3) .;'2.45 (d, 6H, 
J=7.8Hz), 3.95 (q, 2H, J=7Hz), 8.93 (s, 0.4H). 
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PREPARATION OF ETHYL ol-BENZOYLPROPIONATE DIMETHYLHYDRAZONE (XXVe) 
A mixture of ethyl ~-benzoylpropionate ' {3.0g, 15 mmol) and 1,1-dimethyl-
hydrazine {1.75',g,29 mmol) in 10 ml absolute ethanol wa~ refluxed for 24 hours. 
Excess hydrazine and ethanol were removed on a rotatory evaporator. The 
residue was distilled to gfve XXVe as a yellow oil (2.6g, 70%): b.p. 108-
l120C {1mm); IR 1725, 1690, 1595, 1370 cm-~\_NMR (CDC1 3) ~1.20 {t, 3H~ J=7Hz), 
1.50 (d, 3H, J=7Hz), 3.08 {s, 6H), 4.30 (qq, 3H, J=7Hzi, 7.62 {m, 5H), 10.75 
(s, 0.5H). 
PREPARATlON OF ETHYL p-METHOXYBENZOYLACETATE DIMETHYLHYDRAZONE (XXVg) 
A mixture of ethyl p-methoxybenzoylacetate {17.3g, 0.078 mole) and 1,1-
dimethylhydrazine (9.3g, 0.16 mole) in 10 ml ethanol was refluxed under a 
nitrogen atmosphere for 24 hours. Excess hydrazine and ethanol were removed 
by evaporation on a rotatory evaporator. The residue was distilled to give 
13.8g {67%) of yellow product: b.p. l20-l30°C (0 .3mm); IR 1740, 1680, 1600, 
1375 cm-1; NMR (CDC1 3) S 1.28 {t, 3H, J=7Hzi, 2.45 (s, 6H), 3.80 (s, 3H), 3.95 
(s~ 2H), 7.35 (dd, 4H, -J=8.5Hz). 8.8 (broad, weak, lH) . 
PREPARATION OF pj NITROBENZOYLACETATE DIMETHYLHYDRAZONE (XXVf) 
A mixture of ethyl 4-nitrobenzoylacetate (11.9g, 0.50 mole) and 
dimethylhydrazine (6.0g, O.l-0 mole) in the absence of absolute methanol 
was allowed to stir at room temperature for 4 hours. After l hour, a sample 
was analyzed by TLC with acetone as eluant and showed that a new compound 
which was later identified as a hydrazone had formed. The color changed from 
biood red to dark red during the reaction. Excess hydrazine was removed on 
a rotatory evaporator. The solid which formed upon cooling was washed with 
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cold absolute methanol to give a yellow crystals. The crystals were further 
-purified by recrystallization from absolute methanol or cyclohexane to give 
7.62g (55%) of yellow crystals (XXVf): m.p. 97-98°C; IR (KBr) 1650, 1580, 
-1 ·. . 1345 cm ; NMR (CDC1 3) bl.35 (t, 3H, J=7Hz), 2.5 (s, 6H), 4.2 {q, 2H, J=7.Hz), 
4.75 (s, lH), 8.26 (dd, 4H):, 8.8 (broad, s, lH). 
PREPARATION OF ETHYL 2-0XOCYCLOPENTANECARBOXYLATE DIMETHYLHYDRAZONE (XXVIII) 
The mixture of 7.8g (0.05 mole) ethyl 2-oxocyclopentanecarboxylate and 
6.0g (0.10 mole) of dimethylhydrazine in 10 ml of methanol was heated under 
reflux in a N2 atmosphere for 24 hours. Excess methanol and hydrazine were 
removed by evaporation at reduced pressure (water aspirator) on a rotatory 
evaporator. The remaining solution was distilled to give 9.3g (94%) of yellow 
product: b.p. 95-97°C (l.21TU11); IR 1735, 1670, 1620, 1450, 1370 cm-1; NMR 
(CDC1 3) $1.20 (t, 3H, J=7Hz), 2.47 (s, 6H), 4.02 (q, 2H, J=7Hz). 
PREPARATION OF ETHYL 2-0XOCYCLOHEXANECARBOXYLATE DIMETHYLHYDRAZONE (XXIX) 
The mixture of 8.5g(0.05 mole) ethyl 2-oxocyclopentanecarboxylate and 
6.0g (0.10 mole) of dimethylhydr~zine in 10 ml of absolute methanol was 
heated under reffux in a N2 atmosphere for 18 hours. Excess methanol and 
hydrazine were removed by evaporation at reduced pressure (water aspirator) 
on a rotatory evaporator. Tbe remaining solution was distilled to give 8.75g 
(83%) of yellow product: b.p. 80-85°C (0.5mm); IR 1735, 1660, 1600, 1450, 
1370 cm-\ NMR (CDC1 3) b2.40 (s, 6H), 2.81 (s, 2H), 9.25 (s, N-H). 
PREPARATION OF THE ENOLIC ETHYL p-NITROBENZOYLACETATE 
To 1-.49 (0.0050 mole),of XXIIIf was added 10 drops of cone. HCl in 15 
ml of absolute ethanol. The mixture was heated on a steam bath for 30 minutes 
and the solvent was removed on a rotatory evaporator. The remaining crystals 
were recrystallized from cyclohexane· to give 0.97g {67%) of fine needles: 
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m.p . 72-73°C, NMR (CDC1 3) ~l.40 (t, 3H, J=7Hz}, 4.34 (q, 2H, J=7Hz), 5.79 
(s, l.H), 8.15 {dd, 4Hz), 12.78 (s, lH). 
PREPARATION OF l,l-DIMETHYL-3-PHENYLPYRAZOLIUM-5-0XIDE (IV) 
Method A 
Ethyl benzoylacetate ·d,methylhydrazone (9.36g; 0.040 mole) was heated 
at 120-140°C (0.8mm) for 6 hours. The reaction mixture was then cooled in 
' , 
an ice bath to precipitate the crystals. Recrystallization from cyclohexane 
gave IV as white needles (6.47g, 86%) . Under identical conditions ethyl 
benzoylacetate dimethylhydrazone which was prepared from ethyl benzoylace-
tate obtained from Eastman or Aldrich failed to produce the product even 
when refluxed for more than 35 hours: m.p. 135-l35.5°C, IR (KBr) 1720; 
1560, 1485, 1450 cm-l; NMR (CDC1 3)J2 .95 (s, 6H), 4.43 {s, lH), 7.50 {m, 
5H). 
Method B 
To 9.36g (0.040 mole) of ethyl benzoylacetate dimethylhydrazone was 
added 3 drops of cone. H2so4 or, a small amount of p-toluenesulfonic acid. 
Jhe mixture was tt·eated unde; reflux for 50 minutes and upon cooling, solidified. 
Recrystallization from cyclohexane gave 7.0g (93%) of product. IR and NMR 
spectra were identical with the material prepared by method A. 
Method C 
Linde 4A molecular sieves (10 .00g) was activated at 320°C for 3 
hours. Absolute ethanol (10 ml) was added to the dried molecular sieves 
and the mixture was allowed to stand for 4 hours. After drying at room 
temperature, it was found that 3.82g (0 .083 mole) of ethanol had been 
absorbed. 
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To 9.6g (0.041 mole) of ethyl benzoylacetate dimethylhydrazone was added 
10g of Linde molecular sieve 4A which had been activated at 300°C for 3 hours. 
The mixture was refluxed for 6 hours. White crystals were formed upon cool-
ing and afforded 5.86g (76%) of IV which can be further purified by subli-
mation or recrystallizatiorr from cyclohexane. IR and NMR spectra were identi-
cal to the material prepared in A or B above. 
' , 
PREPARATION OF 1,1,3,4-TETRAMETHYLPYRAZOLIUM-5-0XIDE (ta) 
To 30g (0.16 mole) of XXVb was added 10 drops of cone. H2so4 or a trace 
of p-toluenesulfonic acid. The mixture was heated in an oil bath at 120°C 
for 24 hours. NMR analysis of the reaction mixture indicated more than 90% 
of the starting material had been converted to the product . Two isolation 
procedures were employed: 
(A) The mixture was chromatographed through a column packed with silica 
gel and methanol was used as the e1uent. _The first eluted material (Rf 0.83) 
was shown by TLC analysis to be starting hydrazone (XXVb). The second eluted 
material (Rf 0.71) on the silica. gel plate was attributed to Ia. Sublimation 
of the crude product gave 18.6 (81 %) of white crystals (Ia): m.p. 45-46°C, 
IR (KBr) 3480, 1700, 1620, 1495, 1450 cm-\ NMR (CDC1 3) bl.70 (s, 3H), 2.03 
(s, 3Hl, 2.88 (s, 6H}; UVAmax (cyclohexane) 205, 234, 238 nm (.f. b,000); 
MS m/e (rel%) 140 (100), 125 (36), 110 (8.5), 96 (43) . 
Anal. Calcd for c7H12No2: C, 59.99; H, 8.63; N, 19.99. Found: C, 
59.91; H, 8.53, N, 20.04. 
(B) The mixture was distilled in vacuo to give a colorless liquid which 
solidified at room temperature to give 14g(60%) of Ia. The IR and NMR spectra 
were identical to those of material purified by method A. 
- 38 -
PREPARATION OF l,l,4-TRIMETHYL-3-PHENYLPYRAZOLIUM-5-0XIDE (lb) 
-
To 3.2g (0.013 mole) of ethyl benzoylpropionate dimethylhydrazone 
(XXVe) was added 3 drops of cone. H2so4. The solution_ was refluxed in 
vacuo for 4 hours and upon cooling gave a white solid. Recrystallization 
from cyclohexane gave 2. 12g (81 %) of white needle crystals (lb): m.p. 
l22.5-123.5°C; IR (KBr) 3460, 1720, 1575, 14~0, 1450 cm-l; NMR (CDC1 3) 
£1.80 (s, 3H), 3.00 (s, 6H), 7.51 (m, 5H). UV~max (cyclohexane) 303 nm 
( -E- 17 , 000) • 
Ana'i. Calcd for c12H14N20: C, 71.30; H, 6.93; N, 13.86. Found: 
C, 71.59; H, 7.19; N, 13.87. 
' ,. 
- 39 -
E. Attempted Preparations 
ISOLATION OF THE KETO FORM OF ETHYL p-NITROBENZOYLACETATE DIMETHYLHYDRAZONE 
In the preparation of XXVf, only the enol tautomer was isolated as crystals . 
' 
However, from the analysis of the NMR spectra, it was found that the enol and 
keto tautomers were under thermal equilibrium. The following attempt was made 
to isolate the keto tautomer from the mixt~.r~. 
~ 
The filtrate and washing methanol solution from the original reaction 
mixture was combined with 50 ml of cyclohexane and distilled to a volume of 
50 ml in order to remove the methanol. The methanol free residue was dis-
solved in 20 ml of acetic acid and NaHC03 was added until no co2 gas evolved. 
The acid free solution was extracted twice with 50 ml of ether. After separa-
tion of the ether layer, it was dried over Cac1 2 overnight. The ether was 
removed by a rotatory evaporator. The residue was a mi xture of the two 
tautomers based on the NMR analysis. 
PREPARATION OF l,l-OIMETHYL-3-{4-NITRO)-PHENYLPYRAZOLIUM-5-0XIDE 
To l.4g (0 .0050 mole) of ethyl p-nitrobenzoylacetate dimethylhydrazone 
- . 
' '-( XXVf) was added 5 drops of cone. H2so4 in 10 ml of absolute methanol. The 
mixture was heated under reflux for 3 hours. Only starting material XXVf 
was recovered . 
A further attempt by heating 1.4g (0 . 0050 mole) of dimethylhydrazone 
(XXVf) in 15 ml of glacial acetic acid. on a steam bath for 3 hours gave 
yellowish brown crystals which were sparingly soluble in water, chloroform, 
carbon tetrachloride or ether. NMRo8.l8 (dd, 4H), 4.75 (s, lH), 3.05 (s, 6H), 
1.82 (s, 3H). Recrystallization from 95% ethanol give a needle-like crystals 
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NMR spectrum of 1,1,3,4-tetramethylpyrazolium-5-oxide 
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F°i g. 15 NMR spectrum of 1,1,4-trimethyl-3-phenylpyrazolium-5-oxide A 
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Fig. 18 Mixture of keto-enol isomers of ethyl ; p-nitrobenzoylacetate O.M.H. 
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Fig. 19 IR spectrum of ethyl 2-methylacetoacetate D.M.H. 
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